Frank lead electrocardiograms (VCGS) were recorded from 970 young subjects in order to establish normal limits for pediatric VCGS. In 245 children and 231 adolescents, the thoracic electrodes were located at the levels of the 4th and of the 5th intercostal space with subjects in supine position. Pairwise comparisons of 211 linear and angular parameters were made, using the 4th interspace as the reference.
LTHOUGH the Frank lead system is the most widely used corrected orthogonal lead system, the optimal level of anatomic location of the X and Z electrodes is still debated. Both the 5th and the 4th intercostal spaces at the left sternal border are being routinely used. Originally , from his experimental work on the human torso, Frank specified that the location of the precordial and the back electrodes should be at the level of the 5th intercostal space for subjects in the sitting or standing position .1) Subsequently, Langner and coworkers suggested that the 4th intercostal space should be used in recumbent subjects.2) Most vectorcardiographers followed this latter recommendation until it became desirable to simultaneously record the orthogonal electrocardiogram or vectorcardiogram (VCG) and the 12-lead electrocardiogram (ECG).
In our center, we use a single cable with 14 electrodes to record all of the 15 leads in adults, the thoracic electrodes being thus located in the 5th intercostal space. In children, where the recording of the VCG is usually dissociated from that of the ECG, we remain in accordance with most investigators by recording at the level of the 4th intercostal space in supine subjects. However, recognizing that both interspaces could be selected for theoretical3) as well as practical4) reasons, we undertook a study aimed at the statistical evaluation of the changes of vectorcardiographic parameters between the two recording levels in a population of normal children and adolescents.
MATERIALS AND METHODS
Computer-assisted analysis of pediatric vectorcardiograms The orthogonal electrocardiograms analyzed in this study have been processed by the Louvain ECG/VCG-Computer system.5) The digital input to the VCG analysis program consists of the three simultaneous XYZ leads sampled at the rate of 500 per second during 10sec. The VCG analysis program successively performs a rhythm analysis, a beat detection and a selective averaging of up to 20 beats depending on the heart rate, a wave recognition on the "averaged" P-QRS-T complex, the extraction of about 260 VCG parameters, the graphical display of vector loops and the storage of an average complex. All the procedures used in the analysis of pediatric recordings are identical to those of the adult VCG program6) with the exception of the wave recognition which is based on the analysis of the spatial ve- where and CV=1-R is the circular variance. When the CV value is near zero, it indicates a maximal concentration; when it is near the unity, there is a maximal dispersion of individual values. To test the hypothesis that the zero direction is the axis of symmetry of the differences, we used the general sign test. Mardia indicates that this test must be preferred to the Wilcoxon test where N is large as it was the case in our sample population. Table I shows the results of the pairwise comparisons of a total of 211 VCG parameters between the 4th and 5th levels. In the younger age group (2 to 10 year old), a statistically significant difference (at the 0.05 level) existed for 155 parameters while there was no significant difference for 56 parameters. The amplitude and duration parameters always had a larger proportion of Table I . Distribution of the Differences between 4th and 5th Intercostal Space in 211 VCG Parameters significant differences, independent of the distribution, i.e. gaussian, nongaussian symmetrical or non-gaussian asymmetrical. For angular measurements, there were equal numbers of significant and non-significant differences when they were symmetrically distributed and a larger proportion of asymmetrically distributed differences which were statistically significant. In the older age group (11 to 19 year old), of 211 parameters measured at both levels, 158 showed statistically significant differences, while 53 were not significant, and there were always a higher proportion of significant differences in all distribution classes. A comparison of the proportion of significant and nonsignificant differences between the 2 age groups revealed that the age did not influence the occurrence of significant differences between levels 4 and 5.
RESULTS
Tables II to V show the results in a selected subset of clinically important parameters when electrodes were shifted from the 4th to the 5th level.* Table II gives the distribution in terms of mean value, standard deviation (SD) and 2.5, 5, 10, 50, 90, 95, 97.5 percentile ranges of duration parameters at levels 4 and 5, and of their differences. As expected, there were no statistically significant differences between the two levels in either total QRS duration or in the duration of Q and R waves in leads XYZ. By contrast, Table III shows that there were significant changes for almost all scalar parameters. The value of Qz in children and of Qx, Qy, Rx, Ry, Rz, Sx and Sy in both age groups were significantly different between levels 4 and 5. A negative result obtained by subtracting the value at level 5 from that at level 4 indicates an actual increase of amplitude by shifting the electrodes from level 4 to level 5. This increase was most pronounced for the amplitude of the R wave in lead X, with a mean difference of 0.32 and 0.16mV in children and adolescents, respectively, but it was also observed to a lesser *Complete tables with normal ranges of Frank VCG parameters in 4th and 5th intercostal spaces will be provided on request to any interested reader.
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could be an argument for recording at the level of the 5th intercostal space, in children as well.4) Without trying to determine which one of the two levels is optimal, we undertook this study to evaluate the influence As in the study of Riekkinen and Rautaharju,17) the mean differences produced by electrode level displacement in our series, although statistically highly significant, were small and of little practical value. Dower19) also reported, in a small number of cases, that the effect of changing the electrode level on the VCG of supine subjects was small and that it seemed less than that of changing from the upright to the supine position.20) However, Gau and Smith4) found that a change in the anatomical level of X and Z electrodes may significantly influence the overall appearance of the VCG as well as the amplitudes and directions of some vectors in some patients. In our series, although the mean differences in amplitudes and in orientations were small, the 95 percentile ranges indicated that, in some individuals, changes resulting from the shift of electrode levels are sufficient to affect the diagnosis in the case of a quantitative analysis based on normal limits of VCG parameters. It is interesting to note that the mean differences of amplitude measurements between the two recording levels were generally larger in the group of children than in those of adolescents. From experimental studies on torso models of infants, children and adults, Gamboa and Gersony21) reported that the accuracy of the Frank lead system decreased when the size of the model was decreased, or when the ratio of heart size to body size was increased , like in newborns and small infants. Whether their finding could explain the differences between our children and our adolescents remains speculative . We otherwise agree with the comment made by Gamboa and Gersony that proper location of the X and Z electrodes is of the utmost importance for accuracy of the Frank lead system in pediatric subjects. Thus, for quantitative analysis of pediatric VCGs, it is imperious that the normal limits of VCG parameters be established for both recording levels and that the diagnostic criteria be applied to data recorded at the corresponding specified level.
